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Description 



introduction 



During embryonic development, the vertebrate skeletal elements arise from mesenchynrwl cell -condensations 
forming cartilage or bone, eventually. Recent studies suggest that bone morphogenetic proteins (BMPs) may play a cru- 
cial role during the formation of skeletal condensations and the onset of differentiation from mesenchymal progenitors. 
The mammalian bone morphogenetic proteins (BMPs) were originally purified and characterized from aduH bone on the 
basis of their ability to induce a cascade of events leading to ectopic bone formation if implanted subcutaneously or at 

'"*'^iyIk)lSIIl^ iSng of these genes and biochemical characterizations established BMPs (with the exception of 
BMP1) as a family of proteins which are generated from dimeric precursors proteolytically processed to 25.000-30.000 
M homo- or heterodimers belonging to the transforming growth factor p (TGF-p) superfamily Members of this family 
cJn be classified to the degree of amino acid identity of their C-terminal domains. The BMPs also share a high identity 
to other closely related proteins which have been characterized in Xenopus and Drosophila like the decapentaplegic 
IdoD) aene the latter being involved both in dorsoventral body patterning and in imaginal disk fornration (Irish and Gel- 
bart 1987-'Ferguson and Anderson. 1992). The BMPs are also related to Vgl. which in Xenopus has been Postulated 
toplay a role in embryonic development and mesoderm specification (Blessing et al., 1993. Weeks and Metton. 1987: 
Lyons et al 1989b Lyons et al.. 1989a). While the homogenous inactivation of the murine BMP4 as well as the BMP 
tvoe la receptor genes results in an early einbryonic lethality consistent with a putative role in early mesoderm formation 
(Winner et aJ 1995" Mishina et al.. 1995), BMP? null mice exhibit only relatively mild skeletal abnormalities affecting 
mesenchymal condensations rather than chondrogenic differentiation (Karsenty et al. , 1 996: Hofmann et al 1 996). 

BMPs induce condensations and chondrogenesis in primay cells and cell lines derived from limb buds. The pote^ 
of the various BMPs (BMP2-7) differ in these primary systems but in all cases they directly mediate chondrocytic differ- 

^ ml* murine fibroblastic C3H10T'.^ cell line which has been established from an early-stage mouse embryo repre- 
sents a relatively early stage of mesenchymal cell determination with the ability to differentiate into myoblasts, adi- 
Docytes chondrocytes and osteoblasts (Reznikoff et al.. 1973: Taylor and Jones. 1979; Wang et al . 1993: Ahrens et 
al 1993) Their responsiveness towards TGF-p and BMP-treatment make this line a useful model system to explore the 
ln>«3lvement of factors in various mesenchymal differentiation processes. BMP2 and BMP4 possess the ability in mes- 
enchymal progenitor C3H10T1/4 cells to mediate the differentiation into chondrocytes, osteoblasts and adipocytes 
(Wang et al 1993 Ahrens et al.. 1993). The extension of the analysis onto other members of the family BMP5-7 in this 
study show^ that all BMPs investigated possess the potency to mediate differentiation into three mesenchymal cell 
types albeit in largely varying efficiencies. To assess the value of the C3H10Ti/^ in vitro itiodel as a model for BMP- 
mediated mesenchymal differentiation we performed subtractive cloning analysis for BMP-upregulated genes .n this 
system and characterized their expression in the embryonic development in the mouse by in situ hybridizaton Wewere 
able to isolate BMP-upregulated genes typical for the osteo- /chondrogenic and adipogenic development. additon 
we characterized BMP-upregulated genes and cDNAs which are unknown or as yet have not been assigned to BMP- 
mediated mesenchymal development. Among these genes is a new putative secreted factor 29A which .s expressed in 
osteoblasts, in murine embryonic development in in precartilage condensation and during limb and tooth development. 

Materials and Methods 

Cell Lines, culture conditions and transfection experiments 

The features of BMP2 and BMP4 transfected C3H1 OT'A cells have been described by Ahrens et al. ( 1993). Human 
BMP2 and BMP4 are constitutively transcribed by the LTR of the myeloproliferative sarcoma virus (MPSV). Human ver- 
sions of BMPS BMP6 and BMP7 have been described in Wozney et al. (1 989) and incorporated in the expression vec- 
tor described before. Transfection was performed by calcium-phosphate precipitation. Control or BMP-transfected 
C3H10TV& cells were selected by cotransfection with pSV2pac mediating resistance against puromycin (Sug/ml). Puro- 
mydn-resisterrt colonies were subcultivated and selection-pressure was maintained during the entire cultivation period 
to follow If not stated othenwse cells were plated at a density of 5.000 cells /cm^. Cells were routinely grown in Dul- 
becco s modified Eagle s medium (DMEM) supplemented with 10% fetal calf serum. After reaching confluence (arbitrar- 
ily termed day 0) 50 ng/ml ascorbic acid and 10 m/W p-glycerophosphate were added as specified in the protocol of 
Owen et al (1 990) for the cultivation of native osteoblast-like cells. Primary osteoblast-like cells were isolated from the 
calvariae of 5 day old mice (NMRl) by sequential collagenase digestion and cultivated as described (Owen et al. . 1990). 
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mRNA analysis 



C3H10T'/2 cells harboring the expression vectors were cultivated as described above. Cells were harvested at the 
indicated time intervals and total RNA was isolated by guanidinium/CsCI step-gradients. Total cellular RNA (lOjig) was 
separated electrophoretically in a 2.2 M formaldehyde -1 .2% agarose gel and transferred to nitrocellulose. Hybridization 
was earned out with nick-translated ^^P-labelled gene-specific DNA probes. 

Histological methods and verification of cellular phenorypes 

Osteoblasts exhibit a stellate morphology displaying high levels of alkaline phosphatase activity which was visual- 
ized by cellular staining with a-naphthyl -phosphate and Fast Red. Deposition of mineral was monitored by von Kossa- 
staining method (Owen et al.. 1990). Osteogenesis was also investigated by northern analyses with hyhridization 
probes typical or specific for the osteogenic developmental sequence namely collagen I. osteopontin. osteonectin and 
osteocalcin. In addition, the up-regulation of the parathyroid hormone receptor (PTH/PTHrP-receptor) at the onset of 
the osteogenic developmental sequence was studied by northern analyses. Adipocytes were identified morphologically 
as oil-droplet filled cells and/or by staining with Oil Red O. IWIarker genes for adipocytes were the lipoprotein lipase and 
ap2. Chondrocytes were identified by staining with Alcian Blue at pH 2.5. They also displayed alkaline phosphatase 
activity but in comparison with osteoWaste differed in intensity and a rounded cell morphology. Marker genes for 
chondrocyes was collagen II. 

5'- and 3'- extension of cDNA clones by the RACE - technology (Rapid AmplHication of cDNA nds) 

To complete the 29A cDNA 5'-RACE was performed essentially as described (Frohmann. 1990): Random primers 
were removed from the first strand cDNA preparation by gel purification (Jetsorb-KH. Genomed). and a dA-tail was 
added to the 3 -end of the single-stranded DNA by terminal transferase in a 10 Ml-reaction containing 200 mM potas- 
sium cacodylate, 25 mM Tris pH 6.6, 0.25 mg/ml bovine serum albumin. 1 .5 mM C0CI2, 0.5 mM dATP and 10 U enzyme 
(25 min. syC). After phenolization and precipitation, the first PCR-amplification was performed using the primers Rq- 
Ri-<dTi7) and 3'-reverse primer (30 pmol each) under the same temperature conditions as detailed for RT-FCR except 
that 50°C was used for annealing. The region corresponding to the desired band was eluted from a low-melting agarose 
gel and reamplified using the primers Rq and a new nested 3 - reverse primer (Ni ; 30 pmol each). For the 3 -RACE total 
RNA was reverse transcribed using 2.5 jig Oligo-dTig-ia (Gibco-BRL) as described above. Double-stranded cDNA was 
then immediately synthesized by adding 30 pmol 5'-primer and fresh dNTPs to the reaction mixture (1h 37° C) The 
sample wras gel-purified and the first PCR-amplification was performed using the primers FtQ-RrCdTiy) and a new 
nested 5 -primer (Ng: 30 pmol each) followed by a second PGR with the primers Rq and 

Subtractive cloning 

Subtractive cDNA cloning was performed after a modified protocol . mRNA preparation. BMP-2 and untransfected 
C3H10T'^ cells were cultivated as described above. Eight days after reaching confluence cells were harvested and 
total RNA was isolated by guanidinium/CsCI step gradients. mRNA was purified from total RNA by oligo(dT)-cellulose 
chromatography cDNA synthesis and library construction. mRNA (2.5 ng) from BMP-2-transfected (target) and control 
CSHIOT'/^ cells (driver) were reverse transcribed with Moloney murine leukemia virus reverse transcriptase (BRL) in 
the presence of 1 ng of random hexanucleotide (Pharmacia). Second strand synthesis was performed with a commer- 
cially available cDNA Synthesis Kit (BRL). cDNA was degraded to -500 bp by a short ultrasonic pulse (3x5 sec) in a 
Branson sonifier (250 watts). The latter step is thought to prevent a PCR-dependent amplification of short cDNA 
sequences in the subtractive cloning procedure. AHer sonification staggered ends were filled up by treatment with T4- 
DNA polymerase. The driver and the target cDNAs were ligated to different oligonucleotides harboring a Eco Rl restric- 
tion or a Hind III restriction site, respectively (Duguid and Dinauer (1989)). For the driver cDNAs the sequence of the 
oligonucleotides was : 
3' ATCAGGGTTAAGTTCGTTCTC 5' 
5' TAGTCCGAATTCAAGCAAGAGCACA Z\ 
For the target library the sequence of oligonucleotides was: 
3' TAGCAGTTCGAAGTTCAATCG 5' 
5' ATCGTGAAGCTTCAAGTTAGCATCG 3'. 

cDNAs were amplified by PGR (30 cycles) using the different oligonucleotides as primers. The PCR-amplification of the 
control CDNA was performed with 0.25 mM Biotin-4-dUTP as dTTP analog. The PGR-products were purified with 
Strataclean Resin from Stratugene and the incorporation of the biotinylated nucleotides was verified by the BluGENE 
nonradioactive nucleic acid detection system from BRL. The amplified cDNA libraries from both control and BMP-2- 
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transfected C3H1 OT'/^ cells represent the starting material for the subtractive cloning procedure. Library subtraction. 1 5 
ug of the brofmylated control library cDNA was mixed with 1 .5 jig of the BMP-2-transfected libra-y cDNA. In addition, 
150 ng of biotinylated BMP2 cDNA was added to remove BMP-2-transcripts from the subtracted library The mixture 
was denaturated and hybridized for 20 h at 68 °C. After hybridization biotinylated molecules were removed from the mix- 
ture with Dynabeads M-280 Str^tavidin (DYNAL). The resulting subtracted cDNA was ethanol precipitated and hybrid- 
ized with another 15 ng of biotinylated control cDNA and the cycle was repeated. The resulting cDNA was anplified by 
PGR (15 cycles) using the target-library specific 21-mer oligomjdeotide as primer. In total six liybridization/subtraction 
cycles were performed. The resulting cDNAs were cleaved with Hind III, ligated into the eukaryotic expression vector 
pMBC-2T-fl and transformed into competent E. coil SURE cells. The colonies were transfened to nitrocellulose and a 
plus-minus-screening was performed using the subtrative library and the control/driver library as probes. -30% of the 
clones proved to be differentially expressed and were further characterized by DNA sequencing and northern analyses. 

Mice and RNA-/n sZ/u-hybrldizatlon 

Embryos were isolated from pregnant NMRi mice at ttie developmental stages indicated in the text. The day of plug 
detection was considered to be day 0.5 post conceptionem (dpc). The embryos were fixed overnight wrth 4% parafor- 
maldehyde in PBS at 4°C. For radioactive RNA-il! sitil-hytjridization fixed mouse embryos and tissues were prepared for 
cryostat sectioning as described previously (Bachner et al.. 1993). 10 cryosections were mounted on 3-aminopro- 
pyltriethoxysilane coated slides. Antisense and sense rtooprobes were generated by RNA in vitro transcription with 
[3^S]-dUTP to a specific activity of >10' dpm/ng. Probe length was reduced to 150 - 200 nucleotides by alkaline hydrol- 
ysis (Cox et al.. 1984). The slides were prehybridized at 54''C in a solution containing 50% formamide, 10% dextrane 
sulfate. 0.3 M NaCI. 10 mM Tris. 10 mM sodium phosphate pH 6.8. 20 mM dithiothreitol, 0.2x Denhardt s reagent. 0. 1% 
Triton X-100. 1 .25 mg/ml yeast RNA. and "cold" 0.1 mM [S]-dUTP For hybridization. 80000 dpm/ul f ^sj-dUTP labelled 
probe RNA was added to the hybridization mix, and the hybridization was continued at 54"'C for 16 h in a humid cfiam- 
ber. The slides were washed in hybridization salt solution to which ditniothreitol was added. After RNase A digestion (40 
jigyml) the slides were washed for 30 min at ST'C with 2x SSC. 0.1% (w/v) SDS and 30 min with O.lx SSC and dehy- 
drated by increasing concentrations of ethanol The slides were coated with llford K5 photoemulsion for autoradiography 
After 1 to 4 weeks ot exposure at 4°C. depending on cDNA analysed, the slides were developed and stained with 
Qiemsa solution. The embryos and sections were analyzed with bright- and dark-field illumination with a Zeiss SV1 1 
stereo-microscope and an Zeiss Axiophot microscope and photographed using Kodak Ektachrome 320T or Agfa Ortho 
25 fOm. Figures were prepared using a Polaroid SlideScannei together with Adotie Photoshop and Adobe PageMaker 
software with a Windows NT-computer device. 

Results 

Expression oi BMPs in CSHlorA mesenchymal precursor celis 

To compare the in vitro characteristics of BMP-mediated differentiation with other members of the BMP-family the 
cDNAs encoding the htuman version for BMP2-7 (without BMP3) were integrated into an expresstonvector (Ahrens et 
al., 1993) and transfected into C3H10T'/^ mesenchymal precursor cells. 5.000-10.000 transfectants per individual 
member of the BMP-family were pooled and investigated further After reaching confluence all BMP -transfected cells 
started to grow in multilayer and extensive matrix production accompanies a development into three distinct mesenchy- 
mal lineages: the adipogenic, the osteogenic and the chondrogenic (Fig. 1) (Ahrens et al.. 1993: Wang et al.. 1993). 

Although in general the differentiation in osteoblasts, chondrocytes and adipocytes was observed for all BMPs 
investigated on the basis of moiphological and histological criteria (Fig. 1). the ability of the various BMP- expressing 
C3W0VA> cells to undergo mesenchymal development within a two week cultivation period was diHerent among the 
various members of the BMP-family (Table I). In all cases, the level of BMP-specific mRNA was comparable for the var- 
ious BMP-expressing C3H10T'/^ cells. The mRNA encoding the BMPs are, in general, expressed at the highest level in 
actively proliferating cells up to few days after reaching confluence (Fig. 2). Secreted BMPs are difficult to monitor in the 
supematnat of C3HlOT'/fe cells. We could confirm in another study by western analyses that BMPs such as BMP2 and 
BMP4 can only marginally be monitored in the supernatant, indicating that they are efficiently bound by extracellular 
matrix (Wang et al., 1993). 

Isolation of BWIP-Z induced cDNAs from the mesenchymal progenitor cell line CSHIOT^ 

We employed the subtractive cloning procedure outlined in Materials and Methods to C3H1QT"/^ cells expressing 
recombinant BMP2 at 8 day post-confluence. At this stage the first moiphologlocal distinct phentoypes of the various 
mesenchymal lineages are monitored and. therefore, we should be able to isolate cDNAs which are involved in the 
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determination of these lineages as well as cDNAs which could play a role in the morphological manifestation of the 
mesenchymal cell types. The subtractive cloning strategy involves two diRerent PCR-prlmer sets for the PCR-amplif (ca- 
tion of the driver and the target library and the addition of biotinylated BMP2 cDNA to the target library to prevent the 
selection o1 cDNAs originating from recombinant BMP2-transcripts. After the subtraction procedure. E. coli colonies 
harboring the cloned cDNA fragments were transferred to nitrocellulose, and a plus-minus-screening was performed 
using the amplified cDNAs from the subtrative library and the control/driver library as probes. Roughly 10 000 colonies 
were screened and about 30 % of the clones proved to be differentially expressed Of these 200 were further charac- 
terized by northern analyses and DNA sequencing. 

Partially or complete sequencing of 21 BMP-regulated cDNAs revealed that 20 were related to known sequences 
and one was not (29 A) (Table II). About 50 % of the cDNAs consisted of four different sequence types (Table II) The 
others were represented between 1 - 4% in the subtracted library Among the known sequences were collagens sev- 
eral enzymes of the glycolytic pathway, cystatin C. vimentin, basigin, tropoelastin. migration inhibitory factor (MIF) oste- 
opontn. Iipoproteinlipase the heatshockprotein HSP-47, autotaxin (ATX) as well as one member of the family of the 
CCAATbinding family of transcription factors. C/EBPa. Of the former some were not previously recognized as BMP- 
upregulated genes, namely C/EBPa. HSP-47. MIF. csytatln C. basigin. vimentin. G0S2. tropoelastin autotaxin (ATX) 
'^^ expression profile of these genes was characterized by northern analyses in parental and recombinant 
BMP2 expressing C3H10TV. cells (Fig. 2) which shows that the genes isolated by subtractive cloning were expressed 
predominantly at middle to late late cultivation stages (e. g autotaxin, G0S2. tropoelastin) but some BMP-regulated 
mRNAs are regulated already early on in recombinant BMP-expressing cells like e. g. HSP47 vimentin and especially 
20 the undescribed cDNA 29A which encodes a putative secreted factor (see below)(Fig. 2). 

BMP-regulated gene 29A Isolated from CWiOJVz cells is involed in the development of the osteo- /chondro- 
genlc lineage. 
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29A has been isolated as a 250 bp cDNA fragment hybridizing to a BMP-upregulated 1 .8 kb mRNA in CSHIOTVz 
cells (Fig. 2). The cDNA sequence has beeri completed by the RACE technology and confirmed by cDNA cloning It 
contains several open reading frames. Already the the first translational start site obeys the Kozak rules and is followed 
by an open reading frame coding for a protein with a 22 kDa (Fig 6a) 29A seems as a secreted factor indicated by 
the N-terminal hydrophobic stretch of 30 aminoacid residues. The putative signal-sequence cleavage-site has been 
located between aminoacid positions 23-24 (Signal-program at ExPASy-Tools: ISREC. Lausanne). The protein 
sequence does not exhibit a significant homology to known sequences. During murine development 29A expression is 
detected in a variety of mesodermal tissues. Enhanced expression is firet detected in presumptive bone-forming cent- 
ers of vertebrae at 12.5 dpc (Fig. 7e. t) and later gets restricted to the perichondreum of the forming vertebrae (Fig 
7c.d.g.h). In midgesfation development expression is further detected in the ribs, toothtxjd and forming vibrisae (Fig 3f 
5d. 7c.d). During limb development, enhanced expression gets restricted to the perichondreum and cormective tissue 
sheet of the forming metatarsales and phalanges (Fig 4d). In late tooth development 29A expression is restricted to the 
outer enamel epithelium and the ameloWastE (Fig. 5d) 29A is also expressed in primary murine osteoblasts from 5-day 
old mice suggesting a potential regulatory role for this protein in bone growvth (Fig. 6c). 

'io Disscussion 

BMP2 upregulated cDNAs in C3H 1 0T'A celts 
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A new finding was the unknown BMP2-upregulated gene 29A which is expressed early in C3H10T'/2 cells and pri- 
mary osteoblasts. In the latter cells its expression increases at late stages of of the development in vitro which is com- 
parable with many osteogenic marker genes(Fig 6c). The putative secreted factor 29A could be one of the many 
growth factors which influence the initiation and the manifestation of the bone and/or cartilage phenotype Such factors 
exist in a wide variety involving very different factors like e g. insulin-like growth factors (IGFs). parathyroid hormone 
related protein (PTHrP) and Indian hedgehg (IHH) At present the role of 29A is determined in several differentiation 
systems. Such studies also show that a homologus factor is found in the human system. 
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Legend to Tables 

Tabte I. Differentiation potential of C3H10T'/6 cells stably expressing members of the BMP-family. Numbers repre- 
sent cells/cm^. Cells were grown in 4.5 cm^ wells. The total number of ceils was determined in acoulter counter after 
treatment of the dense adherent cellular layer with collagenase. The values represent mean values of three independ- 
ent cultivations. The number of osteoblast-like cells werewas evaluated by assessing the number of alkaline phos- 
phatase positive colonies. The number of chondroblastic cells was determined after staining with Alcian Blue. 
Adipocytes were identified moiphologically or stained with Oil Red O. The multilayer growrth oljstructed exact evaluation 
ofthe mesenchynfial lineages at later stages of cultivation. Therefore, the number of osteoblast-like and chondroblastic 
cells represent approximated values of three independent cultivations. The number of adipocytes which heavily covered 
the cells was not determined. 

Table 11. BMP-regulated genes isolated by subtractive cloning from recombinant BMP2-expressing C3H10T'/6 
cells. Subtractive cloning is detailed in Materials and Methods. -200 BMP-upregulated cDNAs afte subtrative cloning 
were investigated in northern analyses and by sequencing. The percentages indicate the representation of the respec- 
tive cDNAs in the subtractive cDNA library. The other cDNAs are represented between ~1%-4% in the library. ' indicate 
members of the C/EBP-family which have not been detected by sutrtractive libray but were found to be upregulated by 
BMP during the course of this study (see also Fig.4) 
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Legends to Figures: 



Fig. 1. Histological analysis of mesenchymal development In CSHlOT'/^ cells, a. CSHIOTVi. cells stably transfected 
with the expressionvector pMT7T3 (10 days after reaching confluence) b. Alkaline phosphatase positive osteoWast- 
like cells in C3H10T'/2 cells stably expressing BMP2 (10 days post-confluence) c. Alcian blue positive, chondrocyte- 
like cells in C3H10Tt^ cells stably expressing BMP7 (12 days post-conflLience).d. oil-droplet filled adipocyte-like 
cells in C3H10T'/4 cells stably expressing BMP4 (12 days post-confluence). 

Fig, 2 Northern analyses of BMP2-regulated genes isolated by subtractive cloning from C3H10T14 cells. Northern 
analyses were performed as describesd in Fig. 2 and Materials and Methods. 

Fig. 3. Expression of BMP-regulated genes in murine midgestation development. Bnght (a) and dark field (b-f) 
images of corisecutive parasagittal cryosections of a 16.5 dpc mouse embryo hybridized with a HSP47 (b). colla- 
gen ui ((), G0S2 (d), ATX (e), and 29A (f) antisense riboprobe are shown HSP47 and collagen (I) are coexpressed 
in many cartilage tissues, for example the ribs and cranial bones (b.c). Expression of G0S2 is in contrast restricted 
to forming brown adipose tissue (arrow in d), a lower level of expression is also visible in the liver (d). ATX expres- 
sion is most prominent in the mesenchyme surrounding the forming vibrissae, the choroid plexus epithelia of the 
IVth. (arrow in e) and 1st (arrowhead in e) ventricle of the brain. Enhanced expression of ATX is in addition vissible 
in different cartilage tissues, for examples within the hind limb, ribs, and cranial bones (e). Expression of 29A is 
most prominent in the hind limb, ribs (arrow in f), and epithelia of the brain (arrowhead in f). cp. choroid plexus; co, 
cochlea: li, fiver; lu, lung; me, mesencephalon: rb. rib; te, telencephalon: vi. vibrissae. Bar, 1 mm. 

Fig. 4. Expression of BMP-regulated genes within 16.5 dpc hind limb. Higher magnifications of the hind limb of Fig. 
5 are shown. Wheras HSP47 expression within the developing limb is most prominent in the cartilage of the forming 
bones (b), expression of ATX is restricted to the joint regions of the forming txjnes (c). and expression of 29A most 
prominent in the perichondreum and adjacent connective tissue sheet of the metatarsales and phalanges (d). cal, 
calcaneum; cun, cuneitorme. mta, metatarsale; pha. phalange: sk, skin: tal talus; tib, tibia Bar, 100 nm. 

Fig, 5. Expression of BMP-regulated genes within 18.5 dpc lower tooth bud. Consecutive cryoections through the 
lower tooth bud region of a 18.5 dpc mouse embryo hybridized with a HSP47 (b), ATX (c), and 29A (d) antisense 
ritxjprobe are shown. Expression of HSP47 is most prominent in odontoblasts and the alveolar bone (b). In contrast 
ATX expression is enhanced in the stratum intermedium layer, separating the ameloblast layer from the stellate 
reticulum (c). A lower level of expression is visible in mesenchymal tissue adjacent to tooth bud (c). Expression of 
29A is most prominent in the outer enamel layer, but also visible in the amelotalasts (d). alb, alveolar bone; amb, 
ameloblasts; dep, dental papillae; mes, mesenchyme: odb, odontoblasts; oen. outer enamel epithelium; str. straturn 
intermedium. Bar, 100 fim. 



Fig. 6. Structure of the 29A cDNA and its expression profile in primary osteoblasts, a Sequence of the 29A cDNA. 
The first open region reading frame gives rise to a putative secreted 22 kDa protein, b. Features of the BMP-upreg- 
ulated cDNAs ATX and 29A are schemetically represented. C. 29A is expressed in vitro during the osteoblast 
develc^ental sequence in cultivated primary osteoblasts isolated from 5 day old mice 

Rg. 7. Expression of 29A in mouse development. Parasagittal cryosections of 12.5 (e,f). 14.5 (a.b.g.h) and 16 5 
(Cd.i.k) mouse embryos hybridized with a 29A antisense riboprobe are shown Enhanced expression of 29A is vis- 
ible in precanilage condensaUons of the vertebrae at 12.5 dpc (e.f). At 14.5 dpc, expression is restricted to the peri- 
chondreum of the forming vertebrae (g,h) but also visible within cartilage of the hind limb buds and ribs (b). and the 
faciae surrounding the spinal ganglia (arrow in b and h). Enhanced expression is in addition visible at the forming 
vibrissae (a.b). At 16.5 dpc expression remains enhanced in the perichondreum of the vertebrae within the tail 
(c,d), and the perichondreum and connective tissue sheet of the metatarsales and phalanges of the hind limb {i,k), 
but also at the vibrissae (c.d). bl. bladder: cts. connective tissue sheet: gt. gut: hib. hind limb bud: li, liver: mta. met- 
atarsale; my, myelencephalon; per, perichondreum: pha phalanges: sga, spinal ganglia; sk, skin; ta, tail: te. telen- 
cephalon; ve, vertebra: vi. vibrissea. Bar. ad. 1 mm: e-k. 100 jim. 
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Table I 



IS 



20 



25 



30 



35 



Days after confluence 


0 


4 


7 


9 


1 1 


BMP-2 


Osteoblastic 


0 


0-1 


20 


220 


1100 


Chondroblastic 


0 


0 


20 


45 


45 


Adipocytic 


0 


0 


0 


covered 


covered 


Total number of cells 


0. 19x10^ 


0.53x10^ 


0.66x10^ 


0.66x10^ 


0.68x10^ 


BMP-4 


Osteoblaslic 


0 


0 


2 


20 


120 


Chondroblastic 


0 


0 


0 


2 


2 


Adipocytic 


0 


0 


0 


covered 


covered 


Total number of cells 


0.16x10* 


0.26x10^ 


0.42x10^ 


0.44x10^ 


0.48x10^ 


BMP-5 


Osieoblastic 


0 


0 


1 


5 


20 


Chondroblastic 


0 


0 


5 


20 


100 


Adipocytic 


0 


0 


0 


100 


500 


Tolal number of cells 


0.13x10^ 


0 22x10^ 


0.23x10^ 


0.22x10° 


0.22x10^ 


BMP-6 


Osteoblastic 


0 


0-2 


110 


1100 


2250 


Chondroblastic 


0 


0 


0 


120 


210 


Adipocytic 


0 


0 


0 


covered 


covered 


Total number of cells 


0.14x10^ 


0 4x10® 


0 37x10^ 


0 42x10^ 


0.48x10^ 


BMP-7 


Osteoblastic 


0 


0 


2 


10 


20 


Chondroblastic 


0 


0 


50 


100 


100 


Adipocytic 


0 


0 


o 


covered 


covered 


Total number of cells 


0.21x10^ 


0 17x10^ 


0.37x10^ 


0.35x10^ 


0.36x10^ 




Total number of celts 


0.15x10" 


0.15x10" 


0.17x10" 


0.17x10=" 


0.18x10" 



Table II 



cDNAs isolated with homology to: 


Representation in the 
subtracted library 


ApoE 




Autotaxin (ATX) 




Basigin 




C/EBPct 




C/EBPp- 




C/EBP6* 




Collagen (1) ' 




Collagen (II) 


8% 


Collagen (III) 




Cystatin C 
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10 



IS 



20 



cDNAs isolated with homology to: 


Representation in the 
subtracted library 


Enolase (2-phospho-D-Glycerate-Hydrolase) 


20% 


G0S2 




Glycerolaldehydedehydrogenase (GAPDH) / Uracyl-DNA-Glykosylase (UDG) 


10% 


HSP47 




Lipoprotein! tpase 




Migration Inhibitory Factor (MIF) 


10% 


Osteopontin 




Phosphofructokinase (PFK) 




Phosphoglyceratekinase (PGAM) 




Pyruvatekinas.e (PK) 




Tropoeiastin 




Vimentin 




29A 





25 Claims 

1. ssDNA 

(a) having a sequence of from position 1 to 1 753 according to Fig. Ba or 



30 



35 



40 



45 



SO 

4. 

5. 

55 6. 
7. 



(b) having a truncated sequence compared with the ssDNA accord ng to (a), wherein its nucleotides are within 
the range of from position 1 to 1 753 according to Rg. 6a or 

(cl) having a sequence which differs from that of the ssDNA according to (a) but has the same nurrtoer of 
nucleotides or 

(c2) having a sequence which differs from that of the ssDNA according to (b) but has the same nurrter of 
nucleotides 

wherein the ssDNA according to (cl) or (c2) is hybridizaWe with that according to (a) and (b). respectively 
A ssONA according to claim 1 ■ 

(a) having a sequence of from fjosition 417 to 1022 or 
. (b) having a sequence of from position 489 to 1022. 

ssDNA according to claim 1 (cl) or claim 1 (c2) or having a sequence which differs from that of a ssDNA according 
to claim 2 but has the same number of nucleotides, each being hybridizable at a temperature of at least 25 °C and 
a 1M sodium chloride concentration., 

A ssDNA. characterized in that it is complementary to a ssDNA according to any of the preceding claims. 
dsDNA. consisting of a ssDNA according to any of the preceding claims and its complementary strand. 
Vector, comprising a dsONA according to claim 5. 
An expression product of a vector according to claim 6. 
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a. A cell comprising a vector according to claim 6. 

9. Use of a vector according to claim 6 or an expression product according to claim 7 for a therapeutical regulation of 
bone growth, cartilage growth, tissue regeneration, tissue remodelling or wound healing. 

5 

10. Use of a vector according to claim 6 or an expression product according to claim 7 or a cell according to claim 8 for 
the detection of agonists and/or antagonists of kxine. cartilage or tissue growth regulation. 

11. Use of a ssDNA according to any of claims 1 to 4, a dsDNA according to claim 5 or an expression product accord- 
10 ing to claim 7 for diagnostic tests. 
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C3H10T'/. C3HlOTy,BMPi C3H10T'A C3H10T'/zbmpi 

-2 0 4 7 12 -2 0 4 7 12 [days] -2 0 4 7 12 -2 0 4 7 12 I day si 




0eS0639A2_1 > 
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CGICCCISGCCtJGCCIAftOCTCTICTSTCGGTCTSTSAACArrACCISTGAAIITKCA 60 
CCCGAAACSGTCTIOCOCCAMAAAt nCTTGnAAAMrnCCCACCCCTrGGACTCKC 1?0 
iCJCCCCC rCTC*CCGTCCCA»TC I ICIGAGACtCl t rT1A£CrCTCCGC«CJiGC*C«C 180 
ITIAKTTTTnnCTTTiaTTTTTmCrTniCCrCCtATrilKCICCCCCIG-CC ?«0 
liTAC«TCICAA«CGAC*IC«ITCAAGACrG«CCACGTtGuACGCC!CCTTTrCCnAI TOO 
nAa:TUTIATICTTTGGGCG«rmC1TrC1ATCnTTTnAATTCCTGICCKKGA 360 

Met 

CrTTIGTCCACCCCCTCCTAtCACCTCCCCtTCTACCCCSaCCGaGCfiCGGAEGArGG *20 

ViITrpUysIrptev.G>yAUl<wV«ly«?P»>eProlet*tnMetlleIyrLe<jWdm^ 
IG TGCMATGK TGGCCGCGCIGGTAGTCTICCC rCIGCAAATGAICIAmCGr AACCA tSO 

i.<.4UAla?alGl »ltetva I LeuProPraLysLeuArgAspleuSerAi^l uSerVa 1 

1 ». ' I -ThrCl vGl yC 1 y&roGl y I leGI/ArgHi sleiJklaAr^G I jPtWAlaSIuArQ 
KiicicCreCKTCGUScCAICGWCCCCACCTCaTC^ MO 

Gl»AlaAr9L¥^neyalLeulrp61>ArsTtirGluL;5CjsLeulysGluTli|rTlirt»^ 

icKC«tSiL»TTCTTCrCtGCGGGCtK/«:TCA*AAAICCCICAACGACA^ SSO 

CluMeArgGlttffctGlyThrGIuCyiHisIyrPTwneCyj^pValGlyAsnArjClu 
<SMmGKAGATGGGCtCAG«IGCCACTACnCArCTGTT^«TGGGCAACC(!6GAAG 7Z0 

GIuVjnyrGin«etAUL,sAUVa1Ar9G)uiysVa1GlyAspI)enirl1eLeuya1 
*MrG1/icAG*TGGC£AWTGTCC6AGAGAAGCIGaiC*CATC^ 780 

t^nAs«iaAUvalValHiseiyt.rsSert.~MetAspSerAspAsptep*Jalcu^ 
AC»ATGCCGCrE1GeTCCATG5AAAAAGCTTGATGGACACTGACGATGAT0CCCTv.CTCA 840 

l»sS*rGlrwi5VaIAsnnirLeoGlyGlnPneTrpThrTnrlysAUPt«leuPro*r9 
5G7aCACCAIttCA*«LCCT6GGCCAAnnWCCACCAAG6CCT^ 900 

(letLeuG 1 uLeoG I nAsnG I yH 1 5 M eVal CysLeuAsnSertfal LeuCysHi J^j'Ser 
IGCTGGAACTCCAOUCGGCCATATrGTGTCCCTCAATTCCCramOC^ 9M 

H,sPr^IrpG^nSerlleAsp^y^Cy5T^rSertya^*Sertla5e^P/^^T[TA^ 
ATCCCIGOAGICCATCGACIACTGCAtGlCAAAAGtCTCAKTTCGCCTTCATGGAGAC 1020 

"cCTGACC rTGGGGCTCTTGGACTCTCCTGGrGTCAGCGCCACCACCGTTCIBCCCTTTCA 1080 

CACCAGCACCEAGAiGnccAaxcAiiu«y>cnj»£GTricccA*a:rcTiccc6CCACT 

GAMCWCGGACACTJMCKGACACGGTAGATGCTCTCCAACAAAACCAQQX 1200 
mC ACCCCrGGACCATGAAl AT TtTCAT TG rCTTGAAAAGCATACTCCCACAAarSC* 1260 
C7CSAGCiCAnCACAGGnCTCGGH;ACnACACCTGlATGAtfACCnTA«GGSAEG 1320 
ACAIACA3CC40GAOD«EJCACACCT6ACCAGCTArGGAOCCTCACG6G6*a«£AGC 1380 
ACKGGGCACAtAATCCTGTGCCrtTGCATT4MA£ArCTGCTGGGTCAACAEGACTGTT 1M3 
C7TGTCCCCA0GCAACATTT1 TCSGCTCCCCAGCICAACltCAEGACCTrreTGCAACAC ISOB 
ICArGGCTTTAACTCTGACCCCCArGGAaGCAACAAGaCOWCCCCCCCAACAArrrrr. IbEO 
laOinCTCilTCTGTACCCTTTGTCtTCAAAtCCCTKTCOCTCTAACCCCCCTAAT 1625 
OIGCATCTAC tATTTCCAfiCAGAGTCTCCTCCCAfiACACTCTGCCI ITCtXTCCAAAACt 1680 
CTCTCACICCWCCTCGTGCAAACreCTTACACAGCACAAACGCAAAATAAASACGTCCG 17a0 



29A 



/ 



Autotaxia (ATX) 





(days! 



1.9 kb 
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a 

(a) 
enlarged 

CGTCCCTGGCCnCCCTAAACTCTTCTGTCGGTCTGTAAACATTACCTGTGAATTTCCCA 60 
GCCGAAACGGTGTTGGGGCAAGAAACTTCTTGnAAAACTTCCCACCCCTTGGACTCTCC 120 
ACAGCCCCTCTCACCGTCCCAATCnCTGAaACGCTTTTTACCTCTCCGCCAGAGCAGAG 180 
TTTATCTTTTTTTTCTTTTGCTTTTTTTTCTT7TTCCTCCCATTTTTCCTCGCCCTG1CC 240 
TTTACATCTGAAAGGAGATCAGTTCAAGAGTGACCAGGTTGGACGCCrCCTTTTCCnAT 300 
TTAGTnATTATTGTTTGGGGGAGTTnCTTTCTATCTTTnTTAATTCCTGTCCGGGGA 350 

Met 

GTTTTGTCCACCGCC XCC TACCACC TCCCCCTGTACCCCGCTCCGCCGCGCGGAGGATGG 420 

Va n rpty s TrpL euGl>Al aLeu Va I Va 1 PheProL euC 1 nMet [ 1 eTy r L euVa 1 Thr 
TGTGGAAATGGCTGGGCGCGCIGGTAGrCTTCCCTCTGCAAATGATCTATTTGGTAACCA 480 

LysAl dAuTd IGiyMet Va 1 LeuProProLysLeuArgAspLeuSerArgGl uSerVa 1 
AAGCA6CCGTGGGAATGGTGTTGCCCCCCAACCTTCGGGACTTGTCGCGGGAGTCAGTCC S40 

LeoIleThrGlyGlyGlyArgGlylleGlyArgHi sleuAlaArgGluPheAlaGluArg 
TCATCACCGGCGGTGGGAGAGGCATCGGACGCCACCTCGCTCGGGAGTICGCAGAGCGTG 600 

GlyAlaArgLysIleValLeuTrpGlyArgThrGluLysCysLeuLysGluThrThrGlu 
GCGCCAGAAAGATTGTTCTCTGGGGGCGGAC TGAAAAATGCC TCAAGGAGACG ACAGAGG 660 

GluHeArgGlnMetGlyThrGluCysHisTyrPhelleCysAspValGlyAsnArgGlu 
AGATTCGGCAGATGGGCACAGAGTGCCACTACTTCATCTGTGACGTCGGCAACCGGGAAC 720 

GluVa (TyiGlnMetAlaLysAlaValArgGtuLysValGlyAspl leThrl leLeuVal 
AGGTGTACCAGATGGCCAAAGCTGTCCGAGAGAAGGTGGGTGACATCACCATCCTGGTGA 780 

AsnAsnA) aAl aVa 1 Va 1 H i sGlyLysSerLeuMetAspSerAspAspAspAl aLeuLeu 
ACAATGCCGCTGTGGTCCATGGAAAAAGCTTGATGGACAGTGACGATGATGCCCTCCTCA 840 

LysSerGlnHi sVa lAsnThrLeuGlyGJnPheTrpThrThrLysAlaPheLeuProArg 
AGTCCCAGCATGTCAACACCCTGGGCCAATTCTGGACCACCAAGGCCTTI TTGCCACGTA 900 

MetLeuGluLeuGlnAsnG lyHi s IleVa ICysLeuAsnSer Va 1 LeuCysHi s Va 1 Sec 
TGCTGGAACTCCAGAACGGCCATATTGTGTGCCTCAATTCCGTGCTTTGCCATGTCAGCC 960 

Hi sProTrpClnSerl leAspTyrCysThrSerLysAlaSerAlaSerProSerTrpArg 
ATCCCTGGCAGTCCATCGACTACTGCACGTCAAAAGCGTCAGCTTCGCCTTCATGGAGAG 1020 

Ala 

CCTGACCTTGGGGCTGTTGGACTGTCCTGGTGTCAGC6CCACCACCGTTCTGCCCTTTCA 1030 
CACCACCACCGA6ATGTTCCAGGGCATGAGAGTCAGGTTTCCCAACCTCTTCCCGCCACT 1140 
GAGGCCACGGACAGTAGCCCGGAGACGGTAGATGCTGTGCAACAAAACCAGGCCCTTCTC 1200 
TI ICACCC6TGGACCATGAATATTCTCATTGTCTTGAAAAGCATACTCCCACAAGCTGCA 1260 
CTGGAGGAGATTCACAGGTTCTCGGGGACTTACACCTCTATGAACACCTTrAAGGGGACG 1320 
ACATAGAGGCAGGAGGAAGACACACCTGAGGAGCTATGGAGCCTGAGGGGGAGCCACAGC 1380 
AGCCGGGCACACAATCCTGTGCCTGTGCATTAGCACATCTGCTGGGTGAACAGGACTGTT 1440 
CTTGTCCCCAGGGAACATTTTTCAGCTCCCCACGTCAACICCAGGACCTTTCTGCAAGAC 150U 
TGATGGGTTTAACTCTGACCCCCATGGAGGCAAGAAGCCGGCAGCCCCCCAACAACTTTG 1560 
TACATTTCTCATKTGTACCGnTGTCATGAAATCGCTTCTCCAGTCTAACCCGCCTAAT 1520 
GTGCATCTACTATTTCCAGGAGAGTCTGCTCCCAGACACTCTGCCinCCCTCCAAAACC 1680 
CTCTCACTCCCAGCTCGTGCAAACTGGTTACACAGCAGAAACGCAAAATAAAGAuGTGCG 1740 
TTTrr.AAAAAAAA. 
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